We have proposed a method to assist children with coordination difficulties or dyspraxia to improve their prehandwriting skills. We have chosen an animation technique called 'Rotoscopy', a method that normally been used in animation and film production and adapted it to Rotoscopy Pre-handwriting Interface (RPI) prototypes using the interactive whiteboard (IWB) as interaction device. The motivation of this research is to discover how efficient if Rotoscopy is used beyond its normal purposes; and how it gives benefits in terms of behavioural and motivational aspects rather than commercial and profit point of view. Implementation of RPI prototypes has taken place through series of workshops with a teacher and a group of children with handwriting difficulties at a special education school in Caerphilly, Cardiff, United Kingdom. In the workshops children were given pre-handwriting activities in two different environments. They have been trained to use RPI prototypes and IWB, as well as pen and paper tasks. Their activities and action have been observed and recorded using video camera. Evaluation method is based-on video analysis of children's pre-handwriting result and their reaction and motivation during the workshop. It was learnt that majority of children who used RPI prototypes and IWB have produced better results in terms of accuracy of the drawing as compared to results of pen and paper activities. Furthermore the children were more motivated to use the prototypes and IWB rather than using pen and paper. The study's contribution to knowledge includes offering a new way to improve children's pre-handwriting skills using computer animation technique and touch-based devices.
INTRODUCTION
Rotoscopy is a traditional animation technique which animators trace over live-action film movement for use in animated films [1] . The technique requires frame-by-frame projection of moving images to allow the animator to copy every single frame to create a natural-looking animation. It was invented in 1917 by Max Fleisher for his film, Out of the Inkwell. Rotoscopy is named after projection equipment called Rotoscope; where pre-recorded live-action film images were projected onto a frosted glass panel and re-drawn by an animator. Today the device is replaced by computer software and the technique is referred to as interpolated rotoscopy. In visual effects industry, rotoscopy refers to the technique of manually creating a matte for an element on a live-action plate to be composited over different background [2] . Dyspraxia is a motor learning disability that affects movement and co-ordination due to brain messages not being properly transmitted to the body [3] . A motor learning disability is a condition where people have difficulty of planning and organising smooth coordinated movements. It is fairly common in children and adults and is sometimes known as Clumsy Child Syndrome. Other terms, such as developmental co-ordination disorder (DCD), minimal brain dysfunction, and perceptuo-motor dysfunction are also used to describe dyspraxia [4] . Rotoscopy technique is appropriate to children with dyspraxia as it uses the highly visible nature of the graphical output, which is critical for children with dyspraxia who have difficulties in hand movement, specifically their handwriting. To date only a few studies related to computer animation technique such as rotoscopy have been undertaken to investigate the potential benefits for people with learning difficulties.
ROTOSCOPY AND RELATED SYSTEMS
Related research undertaken using rotoscopy technique includes a study of sign language co-articulation [5] which promotes movement to perform signs using hands. A study by Walden [6] revealed that technical advances of rotoscopy have had aesthetic consequences both for the image quality and the nature of the actor's performance within animation. For research related to handwriting, Boyle's findings [7] has revealed that children with Moderate Learning Difficulties (MLD) which includes dyspraxia could be assisted with handwriting intervention like speed of handwriting exercise, with support of other general gross motor coordination test. Furthermore a study by Snape and Nicol [8] using a pen-based computer writing interface has given positive improvement to children although the research hasn't applied rotoscopy technique. As a summary, previous research in rotoscopy was not related to handwriting and most handwriting interventions were also not related to rotoscopy although supporting children with handwriting difficulties. However our proposed intervention named as Rotoscopy Pre-handwriting Interface prototypes are applicable to all domains: rotoscopy, handwriting and dyspraxia, as depicted in Table 1 . 
USER-CENTRED DESIGN
User-centred design or UCD is a combination of ethnography, user observation and informant design [9] . Ethnography and user observation involve user participation in familiar activities in natural settings, which may include exploring prototypes. It can take place at the outset, during, and on completion of a project. Informant design allows children or teachers to be valued as experts or 'native informants', informing designers of key issues that relate to their experience as well as helping to develop early design ideas and testing prototypes in development [10] . The rationale of choosing UCD relies on understanding the characteristics of children with dyspraxia who are very subjective in terms of knowledge, skills and cognitive processing; and handwriting is a particular problem that they experienced.
EXPERIENCE PROTOTYPING
Meanwhile experience prototyping [11] demonstrates content and identify issues and design opportunity by exploring through direct experience of the systems been developed. The designer as well users need to apply the concept of "exploring by doing", especially to get high fidelity for simulation developed from existing experience or actual products that cannot be accessed directly due to safety, availability and budget issues or constraint. The role of experience prototyping is to let the client, design colleague or user to understand subjective value of design idea by directly trying it themselves.
ROTOSCOPY PRE-HANDWRITING INTERFACE PROTOTYPES
Rotoscopy Pre-handwriting Interface Prototypes or RPI are designed to assist children with dyspraxia in practising their handwriting skills through movement and performance, rendered visible to them via the projection of actions onto a large surface. Evaluation methods have measured the extent to which the animation of movement in a child-friendly graphic form can engage children's motivation and lead to improved handwriting skills [12] . In particular the RPI prototypes that have been designed and developed are based-on Ripley's methods [4] for teaching of handwriting to children with dyspraxia. Ripley's approach consists of different stages of skills of pre-handwriting activities such as learning how to write lines in different directions as well as writing numbers and letters before learning on how to write his/her name. From these methods, the proposed RPI activities have been simplified to squiggling, drawing basic shapes, drawing pictures and writing letters ( Figure 1 ). These are actions required for the children, not only as pre-handwriting activities before they learn how to write, but also to improve their gross-motor skills by using a large screen, such as an interactive whiteboard (IWB), as the interface. The trials of the first two of the RPI prototypes, RPI (Squiggles) and RPI (Shapes) have taken place to a group of children with handwriting difficulties at a special school in Caerphilly, Cardiff, United Kingdom. The participants consisted of seven boys and two girls, with writing levels P5 (intermediate) and P6 (advance). The study has obtained an ethical approval from Cardiff Metropolitan University, UK. The participant's consent has also been acquired for research publication. The objectives of the trials are to introduce the system to the target audience, to expose the children to the rotoscopy technique and to adapt it to the system environment as well as to test the functionality of the system prototypes to identify syntax, logical errors and any technical problems. The activities in three trial workshops are introducing the system to the children, trial of the first prototype, RPI (Squiggles) with pen and paper (PP) tasks and the trial of the second prototype, RPI (Shapes) with PP tasks (Figure 2) FIGURE 2. Trial of RPI prototypes and pen and paper tasks
RESULTS AND DISCUSSION
There were six activities in this prototype, but only three were tested due to the children's ability, after advice had been taken from the teacher. The first study examined how children squiggle using the first module of RPI prototypes called RPI (Squiggles). The first task was Squiggle 1 (Task 1), where the children needed to draw curly lines or squiggles, followed by Squiggle 5 (Task 2), which allowed the children to draw straight lines. The second study was undertaken to assess children's response to squiggles and shapes in a different environment. The study focused on how the children perform basic squiggles using traditional pen and paper (PP) methods with the same squiggle lines they used in the first study, squiggling using RPI (Squiggles). Specifically the data acquired from the workshops consist of video recordings of each child using all the functions in the system, to observe their reactions to complete the task. The results of the children's drawings are saved in a graphics files format (PNG) of every finished exercise. Both RPI and PP activities results are compared to identify the differences in the children's squiggling and drawings using similar shapes. Then the teacher's reflection was obtained to get his feedback in terms of system usability and functionality. The data of children's squiggling using RPI are then been analysed using SPSS package to determine the results' mean score and to compare with the reference images for every task in order to measure the accuracy of children's squiggling or drawings. SPSS is used to identify whether there is a significant difference between the results from children's squiggling compared with the results from the pen and paper (PP) tasks. The spatial parameters of the results, which include the width and height of the squiggles and drawings, as well as the number of squiggles or lines for Task 1 and Task 2, are presented in Table 2 .
A Paired Samples Test, or t-test, has been implemented to compare the mean of the children's results spatial parameters with the mean of the spatial parameters of the reference images for Task 1 (Task1R), as depicted in Table 3 . 
CONCLUSION AND FUTURE WORKS
As a conclusion the statistical findings show that the efficiency of the Rotoscopy function provided in RPI prototypes has helped children to perform better in pre-handwriting activities using computer systems rather than similar activities using traditional pen and paper. Rotoscopy may appropriate to children with dyspraxia since it supports activities that require hand movement. In this case, the input and output device play important role as a medium of communication between children and the methods; as this tangible technologies have a close correspondence in behavioural meaning between input and output. The research provides a contribution to knowledge in terms of offering an interactive tool for developing pre-handwriting skills through a bespoke animation technique adapted to a computer software and hardware. For future works, the proposed method may also be easily adapted for teaching handwriting in any languages, for instance the Jawi handwriting, as it has the further benefit of being responsive to the widespread availability of touch-based devices, affording direct interaction by tracing lines on background images.
